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CN1238355 (reference document 1) 
Claims 

1 . A process for preparing polytetrafluoroethylene composites reinforced 
by liquid crystals polymers, characterized in that said process comprises the 
following steps: 

(1) Adding 10-30% by weight of liquid crystals polymers and 0-10% by 
weight of glass fiber or calcium carbonate particles into 60-90% by weight of 
fluoropolymers serving for raw materials, wherein the crystals polymers are 
high molecular compounds of aromatic polyesters, characterized in that the 
molecular chain contains any of the following structural units, 

A: 

(°dtoJ) 

B: 
C: 

Ph 

and pulverizing the liquid crystals polymers to particle sizes smaller than 
500 j.im by low temperature pulverization for use. 

(2) Placing the above mechanically mixed material into a drying box, 
drying at 135-150°C for 2-10 h, slowly pressurizing to 50-70 MPa after 
taking out, and maintaining for 3-5 min to complete pre-molding. 

(3) Sintering the pre-molded material by raising the temperature in a rate 
of 2°C per minute, maintaining it at a constant temperature between 310°C 
and 320°C for 0.5-1 hour, heating to a temperature between 365°C and 
380°C in a rate of about 1°C per minute and maintaining for 50-100 minutes, 
and then cooling to a temperature between 31 0°C and 320°C and maintaining 
for 20-30 min, and then cooling to ambient temperature along with the 
furnace, yielding the composite product. 
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A process for preparing polytetrafluoroethylene composite 
reinforced by liquid crystals polymers 

The present invention relates to a process for preparing 
polytetrafluoroethylene composites reinforced by liquid crystals polymers 
and belongs to the technical field of macromolecular materials. 

Polytetrafluoroethylene (abbreviated as PTFE below) is an excellent solid 
self-lubricating material but has a protruding shortcoming of high wear rate, 
and therefore filling modification is generally required for application as a 
sealant. A common method is to add an inorganic filler such as glass fiber, 
carbon fiber, tin bronze powders, or molybdenum disulfide, but such filler- 
modified products still have shortcomings of poor compatibility and affinity 
between the inorganic filler and PTFE, resulting in the appearance of obvious 
interface inside the substrate, difficulty to uniformly disperse, and severe 
damage to the pulverized elements. 

The inventor has discovered that under identical experimental conditions, 
modification by ordinary methods has the following effects relative to pure 
PTFE: addition of 15% of glass fiber and 5% of graphite enhances the 
abradability of PTFE by 23 times, addition of 60% of bronze powders 
enhances the abradability of PTFE by more than 8 times, and the abradability 
of the PTFE composite with the most modification effect containing a 
mixture of glass fiber, bronze powders, and graphite is enhanced by only 36 
time. 

The liquid crystal polymer (LCP) is a unique member of the polymer 
family and has prominent comprehensive properties. In view of the 
application, it is mainly classified into two large categories, namely, 
dissolution-induced liquid crystal exhibiting the liquid crystal phase in the 
dissolution state and thermo-induced liquid crystal (TLCP) exhibiting the 
liquid crystal phase in the melt state. It has been discovered that LCP can 
play a greatest in-situ composite enhancing role due to the high orientation of 
the rigid rodlike structure in the molecular chain resulted from the forces of 
extrusion, injection molding, and stretching, etc. However, very few 
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researchers make attempts to reinforce the resins molded by die pressing by 
using liquid crystals and examine the in-situ enhancing effect of LCP under 
no action of stretching, extruding, etc. 

The objective of the present invention is to develop a process for 
preparing PTFE composites reinforced by LCP to greatly improve their 
abradability while retain the self-lubricant property, and possibly make them 
become candidate materials for sealing elements with high strength and high 
abradability. Flow orientation arrangement happens with the thermo-induced 
liquid crystal (TLCP) used in the present invention and microfibrillar 
structure enhancing phase partly forms in situ inside the substrate, thereby 
achieving the object of improving the abradability. 

The process designed by the present invention for preparing PTFE 
composites reinforced by LCP comprises the following steps: 

1. The present invention is a filled fluoropolymer-based composite, the 
recipe is adding 10-30% by weight of LCP and 0-10% by weight of glass 
fiber or calcium carbonate particles into 60-90% by weight of fluoropolymers 
serving for a major component. It should be noted that the adverse effect on 
the pulverized parts is limited to a very small extent when the percentage of 
glass fiber or calcium carbonate particles added here is lower than 10%, and 
thus not only the effect of the improvement in the abradability is retained, but 
also the cost is lowered. 

The aforesaid LCP is a macromolecular compound of the aromatic 
polyester, characterized in that the molecular chain contains one of the 
following structural units. These LCP belong to high-heat LCP with high 
melting points, so they can meet the requirement for mixing with PTFE and 
high-temperature sintering, and have certain compatibility. 
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pulverizing the aforesaid liquid crystals polymers to particle sizes smaller 
than 500 urn by low temperature pulverization for use. They are irregular 
particulate powders before use. The low temperature pulverization proceeds 
by cooling with liquid nitrogen and the purpose is to prevent the physical 
properties of the LCP from varying, thereby erasing its advantages of high 
strength and thermotolerance. 

2. Placing the above mechanically mixed material into a drying box, 
drying at 135-150°C for 2-10 hours, slowly pressurizing to 50-70 MPa after 
taking out, and maintaining for a certain duration according to the size of the 
sample, generally 3-5 minutes to proceed pre-molding. 

3. Sintering the pre-molded material by raising the temperature in a rate 
of 2°C per minute, maintaining at a constant temperature between 310°C 
and320°C for 0.5-1 hour, raising the temperature to 365-380°C in a rate of 
1°C per minute, maintaining at a constant temperature between 365°C and 
380°C for 50-100 minutes, and then cooling to 310-320°C and maintaining 
for 20-30 min, and then cooling to ambient temperature along with the 
furnace, yielding the composite product. 

The examples of the present invention will be described bellow: 
To carry out the experiments, Xydar serial LCP products, Vectra serial 
LCP products, and Zenite LCP products were purchased from Amoco 



Chemicals Corp., Tinoca Co., and E. I. du Pont de Nemours & Co. 
respectively, and the fluoropolymer is a suspended PTFE resin produced in 
Jinan Chemicals Plant 
Example 1 

20% of powders of 100-300 i±m derived by pulverizing Vectra C550 
(50%A+50% mineral particles) were mixed with 80% of PTFE, and the 
mixture was dried at 150°C for 4 hours and then pressurized at 70 MPa for 3 
minutes. Sintering was carried out by first maintaining it at a constant 
temperature between 310°C and 320°C for 30 minutes, and then heating to 
365°C and maintaining for 70 minutes. The sample was derived after cooling 
to 310°C-320°C and maintaining for 25 minutes, and then cooling together 
with the furnace. The sample was subjected to the GB3 160-83 friction wear 
testing at a load of 10 kg and a rate of 200 rpm for 2 hours, and an average 
value from 3-4 times experiment data was calculated. The experiment results 
were that the friction coefficient was 0.192 and the wear rate was 1.92xl0' 6 
mm 3 /kg/m, while the wear rate of pure PTFE was 497x1 0" 6 mm 3 /kg/m under 
the same friction wear testing conditions, namely, the abradability of the 
sample of this example was raised by 259 times. 

Example 2 

20% of powders of 100 jam derived by pulverizing Vectra C550 
(50%A+50% mineral particles) were mixed with 80% of PTFE, and the 
mixture was dried at 150°C for 5 hours, and then pressurized at 65 MPa for 5 
minutes. Sintering was carried out by first maintaining at a constant 
temperature between 310°C and 320°C for 30 minutes, and then heating to 
365°C and maintaining for 60 minutes. The sample was derived after cooling 
to 310°C-320°C and maintaining for 20 minutes, and then cooling together 
with the furnace. The sample was subjected to the GB3 160-83 friction wear 
testing under identical conditions as Example 1 . The experiment results were 
that the friction coefficient was 0.204 and die wear rate was LOlxlO" 6 
mm 3 /kg/m, namely, the abradability of the sample of this example was raised 
by about 490 times relative to pure PTFE. 

Example 3 
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A powder material containing 30% of A was derived by pulverizing A 
into below 200 j_im and then mixing with 70% of PTFE. The mixture was 
dried at 150°C for 6 hours, and then pressurized at 65 MPa for 5 minutes. 
Sintering was carried out by first maintaining the mixture at a constant 
temperature between 310°C and 320°C for 30 minutes, and then heating to 
365°C and maintaining for50 minutes. The sample was derived after cooling 
to 310°C-320°C and maintaining for 20 minutes, and then cooling together 
with the furnace. The sample was subjected to the GB3 160-83 friction wear 
testing under identical conditions as Example 1 . The experiment results were 
that the friction coefficient was 0.196 and the wear rate was 1.38xl0" 6 
mm 3 /kg/m, namely, the abradability of the sample of this example was raised 
by about 360 times relative to pure PTFE. 

Example 4 

30% of powders of 100-300 jam derived by pulverizing Xydar G930 
(containing 70% of B and 30% of glass fiber) were mixed with 70% of PTFE. 
The mixture was dried at 150°C for 10 hours, and then pressurized at 60 MPa 
for 5 minutes. Sintering was carried out by first maintaining the mixture at a 
constant temperature between 310°C and 320°C for 45 minutes, and then 
heating to 370°C and maintaining for 80 minutes. The sample was derived 
after cooling to 310°C-320°C and maintaining for 25 minutes, and then 
cooling together with the furnace. The sample was subjected to the GB3160- 
83 friction wear testing under identical conditions as Example 1. The 
experiment results were that the friction coefficient was 0.224 and the wear 
rate was 2.92x1 0' 6 mm 3 /kg/m, namely, the abradability of the sample of this 
example was raised by about 170 times relative to pure PTFE. 

Example 5 

20% of powders of below 100 derived by pulverizing Xydar G930 
(containing 70% of B and 30% glass fiber) were mixed with 80% of PTFE. 
The mixture was dried at 150°C for 8 hours, and then pressurized at 60 MPa 
for 4 minutes. Sintering was carried out by first maintaining the mixture at a 
constant temperature between 310°C and 320°C for 50 minutes, and then 
heating to 375 °C and maintaining for 80 minutes. The sample was derived 
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after cooling to 310°C-320°C and maintaining for 30 minutes, and then 
cooling together with the furnace. The sample was subjected to the GB3160- 
83 friction wear testing under identical conditions as Example 1. The 
experiment results were that the friction coefficient was 0.219 and the wear 
rate was 2.30xl0" 6 mm 3 /kg/m, namely, the abradability of the sample of this 
example was raised by about 216 times relative to pure PTFE. 
Example 6 

30% of powders of below 150 pin derived by pulverizing Xydar G900 
(100% of B) were mixed with 70% of PTFE. The mixture was dried at 150°C 
for 9 hours, and then pressurized at 60 MPa for 3 minutes. Sintering was 
carried out by first maintaining the mixture at a constant temperature between 
310°C and 320°C for 40 minutes, and then heating to 365°C and maintaining 
for 60 minutes. The sample was derived after cooling to 310°C-320°C and 
maintaining for 30 minutes, and then cooling together with the furnace. The 
sample was subjected to the GB3 160-83 friction wear testing under identical 
conditions as Example 1. The experiment results were that the friction 
coefficient was 0.207 and the wear rate was 1.73xl0" 6 mmVkg/m, namely, the 
abradability of the sample of this example was raised by about 287 times 
relative to pure PTFE. 

Example 7 

30% of powders of 100-300 um derived by pulverizing Zenite 6130 
(containing 70% of C and 30% of glass fiber) were mixed with 70% of PTFE. 
The mixture was dried at 135°C for 3 hours, and then pressurized at 55 MPa 
for 3 minutes. Sintering was carried out by first maintaining the mixture at a 
constant temperature between 310°C and 320°C for 60 minutes, and then 
heating to 380°C and maintaining for 100 minutes. The sample was derived 
after cooling to 310°C-320°C and maintaining for 30 minutes, and then 
cooling together with the furnace. The sample was subjected to the GB3160- 
83 friction wear testing under identical conditions as Example 1. The 
experiment results were that the friction coefficient was 0.222 and the wear 
rate was 1.85xl0' 6 mm 3 /kg/m, namely, the abradability of the sample of this 
example was raised by 268 times relative to pure PTFE. 

7 



Example 8 

20% of powders of 300-500 jam derived by pulverizing Zenite 6130 
(containing 70% of C and 30% of glass fiber) were mixed with 80% of PTFE. 
The mixture was dried at 135°C for 2 hours, and then pressurized at 50 MPa 
for 4 minutes. Sintering was carried out by first maintaining the mixture at a 
constant temperature between 310°C and 320°C for 60 minutes, and then 
heating to 380°C and maintaining for 90 minutes. The sample was derived 
after cooling to 310°C-320°C and maintaining for 30 minutes, and then 
cooling together with the furnace. The sample was subjected to the GB3160- 
83 friction wear testing under identical conditions as Example 1. The 
experiment results were that the friction coefficient was 0.228 and the wear 
rate was L52xlO~ 6 mm 3 /kg/m, namely, the abradability of the sample of this 
example was raised by 327 times relative to pure PTFE. 

For comparison, GB3 160-83 testing was made under the identical 
conditions of a load of 5 kg and a rate of 200 rpm on pure PTFE and PTFE 
doped with ordinary inorganic fillers. The results are shown in Table 1. 

Table 1 Results on the friction wear testing of the PTFE composites 



modified with ordinary fillers 



Sample 


Friction 
coefficient 


Wear rate, 10" 6 
mm 3 /kg/m 


PTFE 


0.18 


374 


PTFE+20%SGF 


0.22 


20.6 


PTFE+40%SGF 


0.23 


11.6 


PTFE+10%LGF 


0.21 


16.1 


PTFE+20 %LGF 


u.zt 


17.9 


PTFE+20% copper powder 


0.25 


78.7 


PTFE+40% copper powder 


0.26 


27.7 


PTFE+60% copper powder 


0.27 


12.2 


PTFE+5%MoS 2 


0.19 


103 


PTFE+10%MoS 2 


0.20 


67.7 



Note: SGF in Table 1 represents short glass fiber; LGF represents long glass 
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fiber 



For clarity, Table 2 compares the times by which the abradability of 
various tested materials was raised relative to pure PTFE, namely, the 
reciprocal of the ratio of the wear rate of the materials to that of pure PTFE 
under the same conditions. 



Table 2 Comparison of the rising times of the abradability of PTFE modified 
with liquid crystal and ordinary fillers 



PTFE filled with liquid crystal 


PTFE modified with ordinary fillers 


Sample 


Rising times 


Sample 


Rising times 


Example 1 


259 


PTFE+20%SGF 


18 


Example 2 


490 


PTFE+40%SGF 


32 


Example 3 


360 


PTFE+ 1 0 %LGF 


23 


Example 4 


170 


PTFE+20%LGF 


21 


Example 5 


216 


PTFE+20% copper 
powder 


5 


Example 6 


287 


PTFE+40% copper 
powder 


13 


Example 7 


268 


PTFE+60% copper 
powder 


31 


Example 8 


327 


PTFE+5%MoS 2 


3 






PTFE+10%MoS 2 
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It can be seen that, the abradability of the composites of LCP with PTFE 
is apparently lowered compared to other filled composites while retaining 
low friction coefficient. Compared to pure PTFE, the abradability of Example 
2 with the best effect is raised by more than 490 times relative to pure PTFE 
under identical conditions. Example 4 with the worst effect still raises the 
abradability by about 170 times, while the ordinary filler with the best effect 
only raises the abradability by 32 times. 
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5 


& «6 
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